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NAME

rholo - generate/vie a RADIANCE holodeck
SYNOPSIS

rholo [ -n npr ][ —o dev][ —w ][ =i ][ —f | -r ] hdkfile [ varfile | + | -[ VAR=value .. ]]
DESCRIPTION

Rholois a program for generating and viewing holodeck files. Similavu¢l), rholocan compute vigs
interactvely, but unlike rvu, it reuses ayand all information that was previously computed in this or earlier
runs using the gen holodeck file,hdkfile.

The—n option sets the number dface(1) processes to start for the calculatidhdefaults to zero, which

means that no merays will be calculated. In general, it is unwise to start more processes than there are
processors on the system. On a multiprocessing system with 4 or more processors, a value one less than the
total should yield optimal interag rates on a lightly loaded system.

The -0 option sets the output device to use for displayrently there are at least twdisplay drivers
awailable, x11 and glx. If no output device is specified, themolo will start a global calculation of the
holodeck, filling it in as time goes byrhe quality of the final holodeck will depend omhi@ngrholo runs
before it is interrupted or runs out of file space or time, according taatigble settings described in the
control variable section, belo If no output device and no processes are specifierdo creates an empty
holodeck using the gén varfile, if present.

The—-i option provides for reading from the standard inpfithout a display dvier, the input should con-

sist only of vievs, which will be used to limit which parts of the holodeck are rendered in a batch calcula-
tion. With a display dwer, most of the commands understood by theeadrcan be issued either from the
operating windw or the standard inputThese commands are described together with their wirdaiv-

alents in the display drér section following the control variable section.

The-f option permits the gen holodeck to be clobbereddithout this option, giving both the holodeck

file and a variable file (or "-") will result in an error message if the holodeiskse since giving both
implies that a n@ holodeck is being created. (When reusing an existing holodeck, the variable values are
taken from the holodeck headdehough some may beverriden by gving a "+" in place of the ariable

file.) Also,attempts to clear the holodeck using the interactlobber" command will be permitted only

if the —f option is gven on he initial command line.

The-r option tellsrholo to open the holodeck file read-oniyhich is the default if there are no ray calcu-
lation processes. If one or mateace processes are started with the option and the-r option is gven

or the specified holodeck is not writable by the uem a additional rays computed during the session
will be discarded rather thanved to the holodeck file.

One or more holodeck section boundaries are defined along with other parameters in the holodgék file or
the holodeck is being created, thelo control variable fileyarfile. These section boundaries define where
you may maee, or & least, where you will be able to see, since tiietermine where computed rays are
stored. Additionalariable settings may be added aewidden on the command line folling varfile. If

no varfile is needed, a holodeck may still be created bingia "-" on the command line in place of the
variable file. If you wish to werride some of the variable settings in an existing holodeck, use a "+", fol-
lowed by the ne& settings on the command line. Upper case variables specified more than once will result
in a warning message (unless tve option is present), and the last valueegiwill be the one used, unless

it would conflict with something in an existing holodeck that cannot be changed, such as the section bound-
aries. Changingection boundaries requires creating & elodeck usingrholo without a-n or —o

option, then runninghcopy(1)to fill the nev holodeck with the old holodeckmntents.

The-w option turns dfwarnings about multiply and misassigned variables.

Rendering variable assignments appear one per linarfite. The name of theariable is followed by an
equals sign ('=") and itsalue(s). Theend of line may be escaped with a backslash ('\'), though it is not
usually necessaryariables that should f1@ anly one value are gén in upper case.Variables that may
have nultiple values are gen in lower case.Variables may be abbreviated by their first three letters.
Comments irvarfile start with a pound sign ('#) and proceed to the end of line.
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CONTROL VARIABLES
The control variables, their interpretations and default values e loglow.

OCTREE The name of the octree file. The default name is the sanmelidie but with ary suffix
replaced by ".oct". Thisariable may also be read frorad(1) if the "RIF" variable is set.
(See bela.)

RIF This variable specifiesrad input file to use as a source of rendering options and other variable
settings. Ifgiven, rholo will executerad and get the rendering options to later pasdréze.
Besides prepending thender variable,rholo will also extract defult settings for the common
"OCTREE" \ariable, and the "EYESEP'axiable. Bllowing the file name,\@rriding variable
settings may be gén, which will be passed tad on the command lineSettings with spaces
in them should be enclosed in quotes. Tkeeetion ofrad will also update the contents of the
octree, if necessaryThere is no default value for this variable.

EYESEP The interocular spacing for stereowirg. l.e.,the world distance between the pupils of the
left and right ges. Theres no default value for this variable.

section A section is a parallelepipedwgn by an @igin and three axis vectors (i.e., 12 floating point
values in world coordinates). The axis vectors define the three edges attached to themlrigin v
tex, and the other edges aneértices are determined by the parallel wall constrat.
holodeck section is a region in which the user may freelyendoout to obtain a vig of what
is outside that iggon. In object rendering mode, a section may instead contain a detailed
object to be viewed from the outside. The grid dimensions for each axis may alserblygi
three additional integer arguments fallag the three as. Otherwiseif the grid dimensions
are left out or apare unspecified or zero, the "GRID" variable will be used to determine them
from the section axis lengths. (See ®beJo There is no defaultalue for this variable, and it is
required. Ifmultiple values are gen, they will be used for multiple rendering sections, which
may or may not be connected, but should generally vetap. Thestarting viev for interac-
tive dsplay will be the center of the first sectioaciihg the positie X drection unless
"OBSTRUCTIONS" is set to flue, when the vig will be placed outside the first sectio(Gee
belowv for this variables definition.) Thethird axis of the first section is also used as the
default "viev up" vector.

geometry This variable is used to associate geometry from an octree file with one or more sddimns.
specified octree will be used by certainverrs (e.g., the "ogl" dver) to display simplified
geometry using hardave lighting during motion. If this variable is not set, suchedsi will
use the main octree file, which contains all the scene geoniétiyycan be slo if the scene is
comple, so use simplified geometry with portals (describedvielir specify a nonsastent
file to turn geometry renderingfoflf there is just one setting of this variable, it will be used
for all sections. If there are multiple settings ythgll correspond to multiple sections.

portals This variable is used to associate portal geometry with one or more sections, as required for
simplified geometry in some @®grs (e.g., "ogl"). The portal geometry itself ivgn in one or
more RADIANCE scene files or quoted commands beginning witkx@areation mark ("),
and the input may or may not include material definitgih&., the surfaces may be modified
by "void" if there are no materialsA portal is an imaginary suate that intervenes between a
view and some detailed geometry not included in the current section. (See the "geometry"
variable definition, abee.) Portalsare often placed in doorways, windows and in front of mir
rors. Portageometry may also be placed around local geometry that has been culled due to its
complexity This specification is necessary in order that the detail geometry be drawn cor
rectly, and that mirrors will work with virtual distances. (See the definition of "VIARTE,"
below.) The orientation of the portal sade geometry is ignored, so ytieaveeffect no matter
which way thg are facing. Ifthere is just one setting of this variable, it will be used for all
sections. Ithere are multiple settings, sheill correspond to multiple sections.

GRID The default section grid size in world distance unitsany section axis grid is unspecified, the
length of the axis will be dided by this number and rounded up to the next largegentdhe
grid size is a gry important determiner of holodeck performance, since the holodeck beam
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index is proportional to erage axis grid dimension to the fourthwe! If the beam indeis

too lage, poor file and memory performance will result. If the beamximsléoo small, the
holodeck resolution will sfér and objects will tend to break up. In general, the grid size
should divide each sectionalinto 64 or fewer cells for optimal performance. Theadéf
value for this variable is the maximum section axis length divided by 8.

OBSTRUCTIONS

This boolean variable teliholo whether or not to compute intersections with objects inside
holodeck sections. If it is set to "False", then only objects outside the holodeck sections will be
visible. Thisis appropriate when you knoall sections to be dmid of geometry or when

some secondary method iga#able for rendering geometry inside each section. If it is set to
"True," all inside geometry will be visible. There is no default for this variable, which means
that rays will be started at random points within each holodeck section, allowing interior geom-
etry to be partially sampled.

VDISTANCE

CACHE

This boolean variable determines whether the actual distance to objects is computed, -or the vir
tual distance. If it is set to "True," the virtual distance will be used, which wilemeflec-

tions and refractions through smooth, flat objects claarwill blur the boundaries of those
objects. Notdhat some dviers cannot render virtual samples without the proper placement of
"portals” in the scene. (See akofor the definition of the "portals"aviable.) Ifit is set to
"False," the reflections and refractions will be blurred, but object boundaries will remain sharp.
The default value for this variable is "False.”

The memory cache size to use for ray samples during interaetidering, in Mgabytes.
This tuning parameter determines the traflbefween memory use and disk access time for
interactve dsplay This value will not dect memory use or performance for global holodeck
rendering if there is no display procesghe default cache isfettively set to 16 Mgabytes.

If this variable is set to zero, no limit will be placed on memory use and the process will gro
to accommodate all the beams thatehbeen accessed.

DISKSPACE

TIME

REPORT

render

Specifies the maximum holodeck file size, ingd®ytes. Onceahe holodeck file reaches this
size,rtrace will exit. If there is no display procesholo will also eit. Thedefault value for
this variable is 0, which is interpreted as no size limit.

Sets the maximum time to run rtrace, in decimal hours. After this length ofrtiaes will
exit. If there is no display processolo will also exit. If there is a display process, amdce
is restarted with the "restart" command, then the time clock will be restarted asTivell.
default value for this variable is 0, which is interpreted as no time limit.

This variable may be used to specify a interval for progress reports in miifuiigs. value is

zero, then progress reports will not beegiin intenals, but a final report of the file size and
fragmentation will be issued when the program terminates, along with the number of rays and
paclets computed. If a filename isvgn &ter the interval, it will be used as the error file for
reports and error messages instead of the standard €heme is no defult value for this ari-

able.

This variable may be used to specify additional optiondgré@e. These options will appear
after the options set automatically tad, and thus will @erride the default values.

DISPLAY DRIVER
Rholo may be started in interagéi node using the-o option to specify an output display . Cur-
rently, three drvers are supported on most machirglg, ogl andx11. (In addition, there are variations on
the first two drivers for stereo displays, local objects and human tone mappingse are accessed with
some combination of the ’s’, '0’ and 'h’ diXfes, alvays in that order E.g., the OpenGL stereo der with
human tone mappingauld be "oglsh".) Each drér accepts simple one-character commands and mouse
view control in its operating winde. If the—i option is also gien, then the dver will also listen for com-
mands entered on the standard input. (It is unwise to use-ithaption when rholo is run in the
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background, because it will occassionally stop the process when inpeitabla on the controlling termi-
nal.) Thecommands and their singlejwindow equivalents are gien below.

VIEW= (mouse)
Modify the current vier with the specified parameters. (See #w view options in the
rpict(1) manual page for parameter detailsThere is no one-character eeplént for this
command in the display windo Instead, the mouse is used to control the current ni¢he
following ways:

CONTROL MOUSEACTION

(none) left Move forward tavards cursor position
(none) middle Rotate in place (usually safe)

(none) right Move backward avay from cursor position

shift left Orbit left around cursor position

shift middle Orbit skyward

cntl middle Orbit earthward

shift right  Orbit right around cursor position

cntl+shift ary Frame focus by dragging rectangle

For al movements but rotating in place, the cursor must be plavedsome bit of visible
geometry otherwise the dvier has no reference point from which tesk. It is best to just
experiment with these controls until you learn to fly safely in your mo#élet if you run into
trouble, the "last" command is very useful. (Seewsglo

last T Return to the previous we Some drvers will save yp multiple views in a historybut you are
guaranteed at least one.

where 'V’
Print the current vig parameters to the standard outptihis is useful for finding out where
you are, or for saving specific views in@kame file for animations or returning to later.

frame f’
Change the calculation focus. If the "frame" commandvengivith no arguments on the stan-
dard input, it is equielent to the interacte 'F' command, which releases the current calcula-
tion focus. If the "frame" command is folled by a relatie horizontal and vertical position
(specified as floating point values between 0 and 1), then théoges is about this position
on the screen (where 0 O is at theéo left of the display). This is equaent to the interacte
'f’ command, which sets the focus about the current wirdosor position. If four relate
coordinates are gén, they are assumed to mean the minimum horizontal sertioal positon,
and the maximum horizontal andrtical position, in that ordefThis is equiaent to dragging
the mouse eer a rectangular area with the "cntl+shiftéis held down.

[}

pause 'p

Pause the ray calculation temporarily.

resume <cr>
Resume the ray calculation.

redraw ‘L
Redrav the current viee from values calculated and stored in the holodatten eecuted
from the display winde via "L, the effect may be slightly different, since all stored informa-
tion will be flushed.

kil 'K’  Terminate the ray calculation procesEhis is usually unnecessatyt is provided for special
purpose applications.

restart 'R’
Restart the ray calculation process. If the "RIF" variable has beemadeatjll be run first to
assure that the octree is up to date.
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clobber 'C’
Clobber the holodeck contents, deleting all that has been calculated bedfaget an interac-
tive dssolwe of changes to the scene description, use the sequence "kill," "clotiestart.”
This command will be honored bljolo only if it was started with thef option.

quit Quit rholo. The ray tracing calculation is terminated and all values are flushed to the holodeck

file. Thisis the normal way to exit the program.

q

In addition to these standard commands, alledsioffer the following supplimentary controls.

'h Fix the head height. All mouse-controlled wienotions will be adjusted so that the head
height does not change (where vertical is determined by the currentwiector).

'H’ Release the head height, allowing it to change again during mouse-controledants.

"R Redrav the current vie, recomputing the tone mapping in the proceghis is useful if the

current viev is too light or too dark.(On an 8-bit displayit may be necessary to redrahe
screen a couple of times to get the best imagehe "L" command is a stronger type of
redrav, dnce it will use only rays in the current wig¢o determine the tone mapping, rather
than a history of rays drawn from tholo server.

EXAMPLES
The following shows a minimal holodeck control variable file:

RIF= sample.rif # rad input file
section=224500 070 00 3# sction parallelepiped origin & vectors

Technically, the "RIF" setting is not necessabut the results are much better whnlo is used in associ-
ation withrad to control the rendering parameters.

Here is a slightly more sophisticated example:

RIF=electric.rif
section=7435 1500100 005

GRID=.75
CACHE=20 # cache size in nggbytes
TIME= 120 # maximum time in hours

DISK= 200 # maximum file size in mgebytes
REPORT= 60 elect.her

OBST= False

VDIST= False

We a@n invoke rholo on the abuwe file to compute a hologranvernight in batch mode:
rholo —n 1 elect.hdk elect.hif TIME=12 &

This will report progressvery hour to "elect.her".

The next morning, we can look at the holodeck interelgti
rholo—n 1 —o x11 elect.hdk &

If the previous command were still running, thexabammmand would fail because the permissions on the
holodeck would not grant acces$o terminaterholo without losing ag computed information, use the
kill(1) command to send an interrupt or terminate signal tohblke process listed bys(1). If the system
goes down or something dire happenshio, it may be necessary to restore read/write permission on the
holodeck usinghmod(1). Do not do this, hwever, unless you are absolutely sure thadlo is no longer
running on the holodeck. (See theman page on heto check for running processes. The file modifica-
tion date as reported lig(1) is another clue.)

To view the holodeck without woking a nev ray calculation, leae df the —n option. To compute the
holodeck with multiple processes on a multiprocessing system, use a higher number—foroiteon.
(Don’t use more processes than yowéngrocessors, though, because you'll onlysthings down.)
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To dlow interactve mntrol of rholo from another process, the followingvatation will override the file
size limit and permit the holodeck to be clobbered by a command entered on the standard input:

rholo —-n 1 —o x11 —i —f elect.hdk + DISK=0
To aeate an empty holodeck from settings on the command line:
rholo nev.hdk - RIF=sample.rif "section=22800 0100 003

NOTES
Each time rays are added to a beam, that Isepomition in the holodeck file is released and & pesition
is found. After substantial computation on a holodeck, especiedtysavaal runs, the holodeck file may
become fragmented, leaving holes thaetag pace without contributing useful information. The percent-
age fragmentation is reported when the REPQRriable is set and some calculation has taken place.
When this percentage gets high on a large holodecké&als86 or so), it is a good idea to run thepti-
mize(1) program once batch rendering is complete to close &ps gnd collect beams into groups for
quicker rendering access. Rholo will print periodic warnings when the fragmentation exceeds 20%.

AUTHOR
Greg Ward Larson
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BUGS
Global participating media are not handled correttigugh local participating media will usually work.

SEE ALSO
chmod(2), Is(1), ps(1), rad(1), ranimate(1), rhcopy(1), rhinfo(1), rhoptimize(1), rhpict(1), rpict(1), rtrace(1),
rvu(l)
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